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THE URANATO-MALATE COM PLEX 
LAUNCELOT w. ANDREWS 
INTRODUCTION 
':rhe inirtial object of  this research was the elaboration of  an 
exact polariscopic method for the analytical determination o f 
malic acid .  The results, however, turned out to have a wider 
interest. 
A number o f  years ago, Walden called attention to the fact 1 
that uranyl salts enhance in a remarkable degree the optical rota­
tion of optically active organic compounds of certain classes, par­
ticularly of polybasic oxyacids of the aliphatic series . This 
enhancement does not extend to carbohydrates in a degree suffi­
cient to interfere appreciably, according to observations of Gross­
mann2 and others. Yoder3 has laid the foundation of an analytical 
method based on the facts alluded to. 
REAGENTS 
Uranyl Acetate. 
The uranyl acetate used in this investigation was label led "Ura­
nium Acetate . Free from sodium.C.P. ,  Mallinckrodt Chemical 
Works ."  It had the chamcteristic odor of  acetic acid,  was practic­
ally f ree f rom alkali salts, dissolved slowly but almost perfectly 
in 10 parts of water, leaving a very minute precipitate, consisting 
o f barium sulphate . 
In  the determination o f  uranium, in this and other organic com­
pounds of the metal , the material was slowly ignited, finally 
heated to a bright redness with free access o f  air, cooled and 
weighed as U308 •  The residue was then dissolved in the smallest 
amount of  nitric acid, the water and nitric acid cautiously evapor­
ated and the mass ignited and weighed as before. The nitric acid 
treatment did not usually influence the weight of  the oxide very 
much ; in one case only, an increase of  nearly one per cent was 
1 Ber. ( 1 9 0 0 )  30, 2 8 8 9 .  
2 Formerly c a l l e d  Itzig, Zeit .  Ver. d. Zuck. Ind.  ( 1 90 5 )  55. 2 ,  1 0 8 8 .  
3 Jour .  Ind.  Eng. Chem. ( 1 9 1 1 )  3, 5 7 5 .  Zeit. Nahr. u .  Genussmittel ( 1 9 1 1 )  22, 
329.  Cf. also,  D unbar and Bacon,  U. S.  Dept. Agr. ,  B u reau o f  Chem. Cir .  1 06 ,  
Henderson, Orr a n d  Whitehead,  J .  Lond. C h e m .  C o e .  ( 1 8 9 9 )  75, 5 4 2 ,  G o r e ,  Proc. O ff .  
A gr. C h .  1 9 1 2 ,  B u l l .  B u reau of C h e m . ,  U. S.  Dept. /\ g r .  162, 6 0, Itzig, Ber .  ( 1 901 ) 
34, 3822. 
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observed . The weight after the second ignition was always taken 
as final . By multiplying by the factor, 0.84824, it gives the cor­
responding weight of U. 
In the ignition of these organic compounds, a strong tendency 
is mani fested to spatter, during the last stage of evaporation or 
the first of ignition. In case of uranyl acetate, the addition o f  
glacial acetic acid was found to effectually check this tendency. 
In operating on a solution, the latter was mixed with about hal f 
its volume of the acid before evaporation. In working with a 
dry salt, about 1 cc. was poured over the weighed sample in the 
crucible .  In spite o f  the benefit from using acetic acid, other pre­
cautions can not be neglected . A large crucible i s  desirable .  It 
i s  good practise to place in it a lid belonging to a smaller crucible 
hal f way down, leaving room for the l iquid to boil gently beneath 
it, without foaming about the edges.  For ignition, the crucible i s  
set  in a second one of  the same size. This results in leaving an 
air gap between them. The outer or j acket crucible is now cau­
tiously heated with a small flame. ·when the organic matter is 
destroyed, the jacket crucible is removed and the other is heated 
by direct flame, finally to the highest point the Bunsen will give, 
�anting the lid during the last stage to admit air. 
The uranyl acetate referred to above, when analyzed in this 
way, gave the following results : 
% of U found=56. 1 9. 
% calculated from formula= S6. 1 7. 
An independent determination o f  the U content of this salt, 
( from another bottle of the same lot ) ,  may be found below, under 
the heading Solution of 4 U. 
From this uranyl acetate, a series o f  solutions were made up in  
the course o f  the work.  Omitting details, it suffices to  say that 
in every case the determination of the concentration of the solu­
tion, as derived from the weight of salt used, was controlled by 
analyses of the finished l iquid. Proper account was taken of the 
temperatures of such solutions and corrections for volume made 
when needed. Incidentally, the densities and corresponding · con­
centrations of two of these solutions were determined as accurately 
as possible .  They are : 
4 Cf. p.  
25° 
For Solution U,4 D -- = I .01 772, Per cent U=3. 1 78. 40 
25° 
For Solution 2U, D -- = l .09038, Per cent U=14.853. 40 
2
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Approximately, 
(D-1 ) 
% U= 1 79.2--, 
D 
301  
a formula convenient for interpolation. The probable error in the 
density determination is  a little less than 0.000 1 . The solubility 
of  uranyl acetate at  22° was determined and found to be about 
1 36.2 grams per liter of  solution, which is 0.32 1 molar. The 
equilibrium between salt and solvent is very slowly established in 
this case. 
Malic Acid.  
The malic acid used was a preparation by l\lerck. An air dried 
sample showed on aciclimetric titration 98.34 ';1<; of rnalic acid, 
after 4 days drying in a vacuum dryer, 99.83 % .  On incineration, 
the acid left a visible but not weighable ash, probably consisting 
of  CaS04, or CaO .  
In  making u p  the various stock solutions of  malic acid used i n  
the course o f  the investigation, acidirnetric titration constituted 
the sole basis for determining the strength of the solution. A 
single example, given in detai l .  will suffice to  show the  method 
used, s ince all were made in a similar way. 7 . 5  grams of malic 
acid were made up to 500 cc. Two portions of 50 cc. each were 
removed by pipette for titrations, from which concordant deter­
minations, the concentration was ascertained to be 14 .760 grams 
malic acid · per l iter. Of the remaining solution , 1 1 8. 5 5  cc. were 
accurately measured out, the calculated amount of N /2 carbonate­
free N aOH added to neutralize, t1aking care that neutrality ( to 
l itmus)  was not overstepped on the alkaline side, and the whole 
made up to  250 cc .  In  accordance with these data, the solution 
contains 7 grams per liter of malic acid, in the form of its neutral 
sodium salt . 
Preservation of Malate Solutions. 
It was, a t  first, f eared that the solutions of  malic acid and o f  
the malates would b e  very prone t o  change and would require 
frequent renew;il .  However, it was found that chloro form i s  a 
perfectly satis factory pre.c;ervative for them. It has no rneasure­
able  influence on their polarization and keeps the solt1tio}1 for a 
long time. For example, a solution ( l M U )  was made from 
sodium malate and uranyl acetate on Dec. 3rd. The mean o f  
many determinations o f  its rot,atory power was, V=l0.00. O n  
Jan. 3rd following, an identical mixture was made u p  from the 
same malate solution that, at the earlier date had been dosed with 
3
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chloro form. I t  showed on Jan. 5th a rotation of V=l 0.025,  mean 
of 5 observations. Of course this is ,  as to time, an extreme case. 
l\Iany of .the malate solutions ( chloroformed ) were kept and used 
for two weeks, but were always checked up to be sure no change 
had taken place. Other standardized malate solutions employed 
contained f rom 20 to 59 grams of malic 'acid per liter. 
A cetic A cid. 
The C . 0 P.0  griade of Baker and Adamson was used .  10 cc. on 
evaporation gave no weighable or visible residue . By titration it 
contained 103 . 5  grams of acetic acid per 100 cc. I t  was labeiled 
99.5 % .  
Citric A cid. 
This reagent, on ig111t1on, left a visible but scarcely wcighable 
residue. It required the correct amount of standard alkali for 
neutmlization. A mixture of its solution with uranyl acetate, or 
with sodium molybdate was optically inactive ( absence of tartaric 
acid ) .  
PoLARrscorrc OBSERVATIONS 
The polariscope which was mainly used was a large Bates Sac­
charimeter ( made by Franz Frick ) , armnged for variable bright­
ness of field . A Schmidt and Haensch instrument was also 
occasionally used. Observations made with it are cles.ignated by 
the letters " S .  & H." The source of l ight was a so-called "stere­
opticon electric bulb," used in connection with a 3 cm. cell filled 
with a 6% K2Cr207 solution. A few observations were also made 
by sodium l ight, using a large Schmidt and Haensch polariscope 
with c ircular  scale . The scale of the Bates instrument was con­
trolled at several points by standard quartz plates made by S .  
and H .  
I found it impossible , with the yellow umnyl solutions, to obtain 
satisfactory readings by white J ig-ht i llumination. With the 
clichromate cells ,  a fter a l ittle practise, very good observations can 
be made, even though absolute equality o f  tint can not be secured 
in  the two h!alves of the field. 
The solutions were kept in the dark, in  the polariscope room, 
which was kept at a nominally constant temperature of 20° ,  but 
which was subj ect to occasional variations of  more than 1 % above 
or below. Most of the readings were made in the 200 mm. tube, 
many in the 400 mm. They were made as a rule in groups of 5 
or 10.  In  this paper, to save space, only the mean o f  each group 
4
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will be reported ,  with the addition of a number descriptive of  the 
accuracy of  the observations. Thus ,  " V=l 1 . 52± .035"  indicates 
that 5 readings were recorded, o f  which the mean i s  1 1  ° . 52 
Ventske and that 0 .035 i s  the avemge departure of a single read­
ii1:; from this mean . S ince the ,average error of each observation 
i s  not more .than  0° .04, the probable error of  the mean of ten 
should,  theoretically, be only about 0.01 . In  fact it is considerably 
greater than this, owing mainly to uncertainty as to the actua l  
temperature of  the solution, but also to a fluctuation of  j udgment 
in the matching o f  the halves of the field.  \Vhen they differ 
slightly in color thi s fluctmition is disturbing. It  may seem, then, 
that all the readings should have been made by monochromatic 
( Na )  l ight. This w'as tried. but the conconfaJ1ce of  the obeserva­
tions was not better, but worse. This seems to be owing to the 
severe strain put upon the eye by the inferior luminosity of the 
sodi11111 flame and by its constant flickerings. The best evidence 
that this so11rce of error is not rea l ly  so bacl as it seems to the 
observer himsel f is to be found in the data recorded in the tables 
and curve accompanying this paper. 
It  is very probable that greater precision could be obtained by 
a combination of color screens so selected as to al low only the 
yellow rays to pass. llSing the nitrogen fi lled t11ngstcn lamp, or pos­
sibly a Cooper-Hewitt mercury lamp as l ight source. Hcrn·ever, 
such a refinement would have little obj ect unless a room of really 
constant tempera! ure ( i. e. to 1 /:, 0 ) ,  or unless the obsenation 
tubes were so constructed that a thermometer cuu ld be placed 
therein and left there during the readings . These possible refine­
ments ,are pointed out, because the author believes tl1e method is 
intrinsically capable, i f  that were necessary, of  more exact results 
than those recorded in  this paper, though the latter appear to be 
satis factory when compared with most other analytical processes. 
P1u<;PARATIOK oF THE URAXYL SOLUTIONS 
;\ series of  solutions were, in  the course of  the work, made 11p ,  
details o f  which follow. 
Solution U.  63. 565 grams o f  uranyl acetate were made up to 
2 l iters and the solution was filtered . 25 cc. of this solution on 
evaporation and ignition, yielded 0.5252 g.  of U,,08=2 1 .008 g. 
per liter=0.0747 1 6  molar. 63 . 565 g. U02 ( C,H00 ) , +2TI,O per 
2 liter=0.7 4857 molar .  Hence, there is a s;itisfactory agreement 
between the two methods o f  determining the concentration of this  
solution. As  a mean,  the figure 0.0748 i s  adopted.  
5
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Solution 2 U. Uranyl acetate, finely powdered, w;as shaken 
with water ( at 23 ° . 5 )  until apparent! y saturated . On s!Janding 
over night , a very slight crystall ine crust, looking like u ranyl ace­
tate, had separated on the walls of the flask. 1 0  cc. of the l iquid ,  
treated as above described, yielded 1 .0550 g. of U 308• The weight 
was not changed by ignition with nitric acid. This corresponds to 
a molar concentration o f  0.3752, and the solution contains 1 59.3 
g-. umnyl acetate per liter. A fter standing for two weeks at about 
23 ° in contact with the crystalline crust ,  the solution was once 
more analyzed, 1as before. It  was found to be 0.34982 molar, hav­
ing 148.52 gr. uranyl acetate per liter. This is regarded as repre­
senting the final solubility at the temperature named. It i s  
extremely probable that slow changes take place in the constitution 
of the solution, subsequent to its preparatiori, which are reflected 
in the solubil ity data. 
The densities of this and of the preceding solution were determ­
ined as follows : 
Wt. in a i r  of water in pyknometer 28.5389 g. Temp·. of the water, 24°4 ; 
o f  the air,  25 °6. Wt. of sol. of 2U in air in pyk., 31 .2708 g. ; temp. of air,  
25 °6 ; o f  sol . ,  24°8. Wt. of  sol.  U in a i r, 29. 1 223 g. ; temp. of,  air,  25°6 ; of 
sol . ,  25 °6 
From these data are derived, for Sol. U D,.o/,o=l .01772 with 3. 1 78 g. 
per 100 cc. ; for Sol. 2U. D,,o/,o= l .09038 with 14.853 g. u ranyl acetate per 
100 cc. The fi fth decimal figure is of course very dubious. For i nterpol a­
tion the formula is 
(D-1 ) 
p= -- 1 79.2. 
D 
Solution JC. The sialt remaining undissolved f rom the prepara­
tion of 2U, together with a fresh portion of uranyl acetate, was 
shaken with hot water, till the 11atter was seemingly saturated, and 
was filtered hot. A fter standing over  night a beauti fully crystal­
l i zed crust had separated . The solution was much paler th
.
an 
solution 2U in spite of its being more cencentrated.  The differ­
ence is believed to be due to the presence in the salt originally of 
a trace of ferric acetate, which demonstrates itsel f by the color 
and which dissolves with the first addition of water .  
This solution, sti l l  greatly supersaturated, contained U cor­
responding to 207.8 g. per l iter . A fter standing four days more 
iat 20° to 25 ° ,  with frequent shakings, its strength was again 
determined, being now 0.32 1 5  molar, which represents about the 
saturation point, since five days later i t  had become 0.3205 molar. 
Solution 4U. Since the foregoing experiments pointed to the 
6
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desirabil ity of avoiding the separation o f  a sol id ' 'basic" phase, 
so as  to be. able to make a rather concentrated and at the same 
time stable solution ,  i t  was decided to make up a solution contain­
ing a definite amount of free acetic acid .  In view of  the fact that 
small amounts of this acid do not have 1an ,appreciable effect on 
the rotation, this step seemed justifiable. Accordingly, 2 1 2 .3 g. 
uranyl acetate and 10 cc. ( 1 0.35 g. ) of HOC2H30 ) of glacial 
acetic acid were dissolved in water with gentle heat and made up 
to 2 l i ters at 208 • 5 cc .  at 23° by the method previously described 
gave 0.3500 gram. The solution is, there fore, 0.24896 molar at 
23 ° .  
PREPARN!'IO K  o F  T H E  SonruM MALATE SoLU'l'IOKs 
In making up the various stock solutions used in  the im·estiga­
tion, the acidimetric titrations constituted the s ole basis for deter­
mining the malic  acid concentration . A s ingle example, in detail, 
will suffice to show the method used, as all the other solutions 
were made up in 1a similiar way. 7.5 g. of malic acid mere made up 
to 500 cc .  Two portions o f  SO cc. each were measured off by a 
standardized pipette. By these concordant titriations, the concen­
tration was shown to he 14 .760 g. malic acid per 1000 cc. Of the 
remaining solution,  1 18 . 5 5  cc .  were accurately measured out ,  by 
pipette and burette ,  the calcul1ated amount o f  N/2 carbonate-free 
NaOH added to neutralize, taking particular dare that neutrality 
( to litmus ) was not overstepped on the alkaline side, and the 
whole was made up to the volume, 250 cc. In accordance with 
these data, the solution contains 0.7% ( i .  e. U g. per liter) o f  
rnalic acid in the form of  its neutml sodium salt . This solution 
will be hereafter referred to as  " Sol. M . "  
PRESERVATION 0 1"  THE MAL\TE SOLUTIONS 
At  first  it wias feared that the solutions o f  .malic ac id and the 
malates would be very subject to change and would require fre­
quent renewal .  I t  turned out, however, that chloro form is a 
perfectly s1atis factory preserviative for them. I t  has no measurable 
i nfluence whatever on the polarization and keeps the solution to 
which it i s  added for a long time. Thus,  a solution ( 1 1\I U )  was 
made on Dec. 3 by mixing 25 cc. each o f  Sol .  U and o f Sol .  :VI. 
Many observations on this solution showed, as  mean of al l  V= 
- 1 0.00. An identical mixture was made up on J an .  3 f rom 
the same malate solution . which at the earl ier date had been 
dosed with chloroform. I t  exhibited on Jan. 5 a polarization o f  
-10.025 ,  mean o f  5 obs. This is , a s  t o  time, an extreme case. 
7
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Many of the chloroformed malate mixtures were kept and used 
for two weeks,  but \vere always checked up to be sure that no 
change had taken place. 
Other malate solutions which will be referred to hereinafter by 
number, are the following : 
Sol. 2M. 20 g. per l iter at 20° o f  malic acid as neutral sodium salt. 
Sol. 3:\L 50.27 g. malic acid, as  neutral sodium salt, per l iter at 20° . 
This sol .  is 0275 molar. 
Sol. 4M. 40.300 g. malic acid per liter at 20° a s  free malic acid. 0.3006 
molar. 
POL:\RISCOPIC OBSERVATIONS 
A large Bates siaccharimeter ( made by Franz Frick ) ,  arranged 
for variable brightness of field ,  wias employed for most of the 
polariscopic observations. Occasionally, a Schmidt and Haensch 
instrument was also used. 
The source of l ight was a so-called "stereopticon electric bulb," 
used in connection with a 3 cm. cel l ,  fi l led with 6 per cent K2Cr207 
solution, as  l ight filter. A few observations were l ikewise made 
by sodium l ight with a large Schmidt 1and Haensch polari scope, 
having a c ircular scale. These are designated "S&H" in  Table I .  
It  was found impossible, with the yellow uranyl solutions, to 
obtain sat isfactory readings by white l ight . \Vith the pyrocrom­
ate cells , a fter a little practise, it was possible to make very good 
observations, even though the two halves of the field  could not be 
brought to absolute equali ty of tint. 
The scal e  of the Bates instrument was control lecl at several 
points by standard quartz plates, made by Schmidt and Haensch. 
The solutions were kept in  the dark polariscope room at a tem­
perature of 20° -+ 1 ° .  
:'.\lost o f  the readings were made i n  the 200 1 1111 . tube, many in 
the 400 111 11 . They were, as a rule ,  made in groups o f  5 or 10 .  
H ere, to save space, only the mean o f  each group is  recorded, 
with the addition of a number indicating the concordance of the 
observations . Thus : 
" V= l l .52+ .035 mean S" 
signifies that five readings were taken o f  which the mean is 1 1  ° . 52 
and that 0° .035  i s  the average departure of a si11gTe reading from 
this mean. Since the average error of a single observation, deter­
mined in  this way, is not more than 0° .04, the error of the mean 
of ten should be, theoretically, O' .01 3 .  In fact i t  i s  greater, owing 
in part to uncertainty as to the actual temperature and in part to 
8
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a psychological cause, to wit, a fluctuation o f  j udgment 1as to when 
the two halves of the field match in shade while they differ s lightly 
in color. For various reasons, the nse o f  sodium light did not 
lead to more concordant readings, but, rather th
'
e reverse. 
Tm<; OPTICAL T rrv1 E F.\CTOR 
A freshly mixecl solution of sodium malate with one of uranyl 
aceuate exhibits a rot1atory power decidedly lower than that which 
it possesses after standing for some time. The rate of this 
enhancement depends upon the concentration of the solution and 
upon its acidity. very likely on other unknown conditions also . 
The change in polarization after the twel fth honr at Z0° C is usu­
ally small, but not al ways . The data given in Table I exhibit the 
magnitude of the optical enhancement with time in a number o f  
instances . 
OPT ICAL TEM PERc\TURE CoEFFICIENT 
Solution 14  MU ( see table )  gave a rotation i n  the 400 111111 . tnbe 
of 23 ° .053 as 1a  mean of  13 readings at 18  ", equivalent to 1 1  ° . 526 
in a 200 mm. tube. A ZOO mm. j1acketed tube was filled with this 
solution 1and the temperature I'.aised to 40° .  It  was then permitted 
to .cool ( together with the hot water in the j acket ) ,  with the ther­
mometer in the solution. \Vhen the temperature had fallen to 
26 ° . 5 ,  the rate o f  cooling became so slow that i t  was possible to 
make a series of readings without appreciable variation. The 
mean of these readings was l l 0 .3Z 1 5 .  Hence 1a difference of 8° .5 
C corresponds to 0" .205 V. Interpolated rotation at 20° is 1 1  ° ..-1-8 
and the temperature coefficient is :  0.205/8 . 5 X 1 1 .48=0.002 1 ,  
that i s  for small changes i n  the neighborhood o f  Z0° , 1 ° C alters 
the reading by 0.2 1 % of its value at 20° . 
Solution 1 5MU g�ave, at Z0° the rotation 10°  .94± .05Z in the 
400 mm. tuhe=5 .480 in the 200 mm. The jacketed 200 mm. tube 
referred to above, filled with the solution, was cooled in  the ice 
box to about 4 ° .  \Vhen the temperatnre had risen to 10 ° . the 
readings were hegnn ; when they \vere completed i t  was 1 2 ° .  1 1  ° 
was assumed as  the mean temperature. The mean rotation was 
5 ° . 59± .035 ,  whence the difference clue 9° C is 0°  . lZO V and the 
temperature coefficient is 0.0024. This is as close an agreement 
between the two determinations as can be expected f rom the 
rather rough method used .  ..:\ssigning greater weight to the first 
determination, 0.2Z % is  assumed as the correction per degree o f  
departure from 20° C .  V=rotation a t  20° . V1=rotation a t  t 0 •  
v ( 1-0.0022 [t-20] ) .  
9
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PoLAR1scoP1c OBSERVATIONS ON SoLuT10Ns oF V ARIOus 
CoNcEN TRA.TIONS oF URANYL AND MALIC Acrn 
In Table I are recorded the observed rotations at 20° C ( or as 
noted ) in Ventzke degrees for solutions of uranyl acetate and 
malic acid. The latter is in the form of  neutral sodium salt except 
as otherwise noted. The unit for the concentration of the uranyl 
solutions is the molar solution having 238.5 grams o f  U per liter 
of  solution. that for the malic acid is the molar solution containing 
134.05 grams of  C4H605 per liter. All the rotations recorded are 
negative, the minus signs being omitted to avoid useless repetition. 
All observations made are recorded. Kone have been omitted 
because the results were unexpected or suspicious. The rotations 
of the mixtures appear in  Column 3 accompanied, occasionally, by 
observations relating to the rate at which the solutions atitain their 
ultimate rotatory power. 
TABLE I 
OPTI CAL ROTATION S IN VENTZKE DEGREES O F  
URANAT0-1IALATE SOLUTIONS 
1 I 2 3 4 
Mm,. 
5 
MoL. CoKCT. GRAMS 
OF 011 MALlC 
LAB. CoNCT. MAI.IC Acm PER 
No. URANYL RoTATJONS r:-i V D'!lG. TN 200MM. TUBE Acm 1 00  cc. 
l MU I 0.0375 Under 3 hrs. a fter mixing V=9. 70± .04. I 0.02610 \ 0.3500 5 9.95, over 1 0  hrs. V= l0.00± .045, mean ! I o f  25. I I 
2MU I 0.0375 Soon a fter mixing 4.74, mean of 5 . 1 0.01 309 \0. 1 750 
1 Next day 4.86, mean of  5. I I S and H 
3M"C 11 0.0375 IN ext day, V=S.00± .033, mean of 5 at ; 0.02088 /0.2800 s 1 9° .  i S and H 
4MU 0.0375 V= l .68, mean o f  5, soon after mixing. I 0.00522 /0.0700 1 
A fter 4 hrs . ,  1 .85, 5 obs. I 
5).1(; I 0.0375 Same day V= 7.80, mean o f  4 I 0.02088 ,0.2800 6).IU 0 0375 A fter 1 hr. V= l4.81 , mean o[ 1 5. Xext l 0.0745 / 1 .0000 s � ·  
I 
. 
I day, i n  400mm. tube, V=29.714, mean of  I 
[ 5  at 2 1 °  5 and 14.84, 5 obs. at 19° in I I 
1 200mm. I I 
7MU \ 0.0375 \First obs. = 1 4.68, mean of 5 at 22° ; I 0.0447 \ 0.60000 9 
later, 14. 74, mean of 2. Next day, 14.72, I j mean of 5, 21 °5 ,  14.84 at 19° ,  mean o f  5 . ! 
8).IU I 0.0375 I Soon a fter mixing, V= l l .32 -t:: .037 at ! O.OZ984. I 0.4000 io I 19°5, mean o f  1 0. I I 9MU \ 0.03606 Soon a fter acidifying, V=9.54 at 20° . I 0.02865 I0.3847 11  \After one day, V=9.98 cor. to Z0° . I I 
IOMU
I 
0.0375 After 6 minutes, V= l l .36, mean of 5 . . I 0.02984 I 0.4000 1 2  
Hal f h r. later, V in  400mm. ZZ.804 -t .12,  ! I 
l mean of 5. I \ 
l l MU I  0.0375 ! Same day, in 400mm. V= 10.92± .(J39 at l 0.0 1492 0.2000 
I I 18° ,  mean of 10. 2 days later, V= I J I 1 1 .01 + . 1 2, mean o f  10, = 10.96 at Z0° . J J 
10
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12Mu 1 0.0315 
I 
r3Mu \ 0.0375 
I 
14MU \ 0.0375 
1 5MU 0.0375 
1 7MU I 0.°'375 
rnMu j 0.0375 
19MU 0.0375 
20MU 0.070 




Z4MU I 0.09645 
Z5MU \ 0. 1000 
26MU 0. 1000 
27MU 0.100 





. 3ZMU 0. 1 Z5 I 
\At once, V= l4.2 at 20°5,  mean o f  S .  
Hal f h r .  later, 14.26+ .05 a t  Z0° , m ean of 
1 0. Day after, 14.49+ .04 at 1 9 ° 1 ,  mean 
of S·. 2 days later, 14.50+ .008 at 18°2, 
mean of 10. 4th day, 14.56± .048, at 18°, 
m ean of · 5. 
Soon, V=5.27± .04-Z at 18°9, mean of 1 0. 
3rd day, 5.473+ .060 at 18°,  mean of  
! 4th day, 5.4Z8:±;03, mean o f  5 at 18°8. 
I V= l l.458, mean of .57 obs. ,  red. to Z0° .  V=5.445, mean o f  10, cor. f o r  20° . V=2.3'1-6, mean of ZO, cor. for Z0° I V=0.913, m ean of 25, Z0° 
I V=0.896, mean of 5, 20° . 
V=l 7.709, mean of 1 5, at Zl 0 1 .  
V=9.366, a t  21 ° .  
I V=29. 364, mean o f  5, cor. for  Z0° . 
I
V-Z8.846+ .035 of 15 ,  at Z1 ° 1 .  
V:=29.229 at 10 ,  cor. for Z0° . 
V=4.473'+ .03, mean of 5, at Z0° .  
I 
-
IV=6.69 + .055, mean of 5, at 19°4. 
V= l 2.5S,- mean of 5 ,  at Z0°2. 
! Second day, V= 14. 5 1 ::+: .04, 20°2, 5 obs. 
I V=Z9.32 + .04, mean of 5 ,  at 20° 2. V= l l . 5 1 ,gen. mean of 20, at Z0° 
I After 3� hrs., V=6.94 ± .048 at Zl 0 ,  S obs . 1 1 day after, V=6.928t . 06, Z0°8, 5 obs. 
17=23.402+ .03, at 19°8, mean of S ;  after 
12 days, V;;::23.397 at Z0° .  
o.0373 10.5000 1 3 
I 
I 0.007 46 (°" 1 000 1 4 
0.02984 10.4000 1 5 
0.01492 0.200 1 6 
0.00652 0.875 1 7 
0.00Z6H 0.0350 1 8 
0.00261 1 0.0350 1 9 
0.0601 0.806 20 
Free I 
ma!. I 




0.075 1 5  1 1 .0070 22 
0.07065 0.9485 2 3 




OOZ98 I 0.3993 2 G 
0.0375 0.503 2 7 
0.0'375 0.503 28 
0.0750 1 .006 2 9 
0.3006 0.403 Sil 
0.018036 O.Z418 311 
0.0600 I 0.8043 S'2 
I 
5 Rotation a maxim.tun on second day, afterward, sn long as nbserved, 5 days, no 
change beyond observation errors. 
6 Some o f  these observations were made in 4001 mm. tubes and calculated to 2 0 ()  
mm. 
7 Acidified with acetic acid to 0.004N. This degree of acidity has no effect on the 
rota,tion, or aln10st none. 
SWith this large excess of malate, the rotation is an exact measure of the uranium. 
9 With this small excess of ma1ate,- the rotation is too low for an exact measure of 
the uranium. 
10 This solution had not yet acquired its maximum. rotation. It was used, immedi­
ately after readings, to  make sol. 9MU q. v. 
1 1 Made by adding 2 cc. o f  acetic acid to 5 01 cc. of SMU. It i s  0 . 6 6 3 N  as to  
acetic acid.  T h e  actual reading ( 9 . 54) is corrected to allow for dilution by the ace.tic 
acid in order to compare 8�IU. The differences then show depression d1.te to acidity. 
12 Compare with 14MU. 
14 Reduced to 20·0 and 200 mm. , the mean is 2 . 720+ . 045.  
Hi 12- hour after mixing, \T 22.84 + . 0 S  at 1 8 ° ,  me-a-n of 10 in 40'01nm. tube. A 
second preparation gave the following 
-
series of changes 
'hM Jl  ROTATION j\lEA'1 E'RROR TllMP . 
Mixed at 1 0-34 
First day 1 0-5 6 1 1 .28 0 . 0 5 2  mean of 5 J 8 0  
1 1-2 1 1 . 3 1  0. 04 5 J 8 0 1  
1 1- 1 9  1 1 .4 5  0.044 5 1 8 ° 2 
Second day 1-6 1 1 . 437 0 .03  10 1 9 ° 2  
1-9 2 2 . 8 1 6  0.009 1 0  2 0>0 3 in 400mm. 
11
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1-30 1 1.49  0 . 04 2 0,o 
4-1 5  2 3 . 0 0  0 . 0 4  1 9 ° 8  i n  400mm. 
Third day 9-1 0 2 3 . 044 0 . 05 1 1 8 °  in 400mm. 
1 0-0 0 1 1 . 5 1  0. 0 1 2  8 1 8 °  
Fourth day 2-45 22.91  0 . 0 4  1 0 1 9 ° 2  in 400mm. 
Fifth day 9-45 2 2 . 8 8 5  0.0•3 4 1 8 °  5 in 400mm. 
Omitting observations on the first day and reducing the others to 20•0 , the general 
mean (of 57 readings) is : V=l l . 4 5 8  with a mear error for each set of 0 . 0 2  . .  The 
calculated probable error of the general mean is, therefore, + 0' .008. 
16 2 hrs. after mixing, V-1 0 . 7 03 + . 04 1  a t  1 8 ° 1,  mean -;;-f 9 i n  400mm. tube. 41 
hrs. after mixing, V �10 .83+.<>35 at 18 ° ,  mean of 10. One day after, V=l 0 . 9 8 + . 0 l l  
a t  1 8 ° 2, mean o f  5 .  Two-days after, V=l 0 . 89 + . 0 5  a t  1 8 ° .  Weighted mea1;-;- for 
2 0 0 mm. and 20° is V=5 .445 .  
-
17 Mean ·of 60 observations, from 1 5  min. to 4 days is : V==4.67,  mean of 2 0 ° ,  
excl. all before 3 hrs. a n d  after 3 days, 4 .70•3 a t  1 9 ° ,  400mm. F o r  2 0 °  an cl 2 00mm., 
the mean is:  V=Z. 346, 
lS After 7 minutes, V=l .72 in 40Hmm., mean of 5.  Next day, V=l . 886, mean of 
15  at 1 8 ° .  M ean of all  obs. taken ( 2 5 )  is 1 . 8 2 5  at  W0 • 
rn After 1 day, V=l . 79 5 + . 022, in 400mm. at 1 9 ° ,  mean of 5,  equivalent to 0 .896 
for 20'0 an d  2 00mm. 
·-
20 The malic acid i n  this is free, which fact, \vith the low excess of uranium, 
depresses the ro,tation below 2 3 . 5 V, which it would have if it had been neutralized. 
21 This also has its n1alic acid free and was very slow in reaching its maximum 
(more than 24 hrs. ) .  Final reading subnormal, same reason. 
22 First day, V=Z.9. 2 5 4 + . 0 3 8  at 2 1 ° 3, mean of 5. Second day, V=29 . 3 06 + . o o 5 ,  
mean of S at 2 0° 9. Mean fur 2 01° : V=29.364.  
-
23 As the malate is in excess of the uranium, the observed rotation is limited and 
determined by the latter. 
2 4 V=29.32 6+ . 0•7 at 1 9,0 5,  28 .896+.069 at 2 4 ° 5 ,  29 .030:+ . 0 3 0  at 2 1 °, each being 
mean of 5 obs. -Interpolated general ;;ean for 2 0,o is : V=29.229. 
25 The malic acid i s  free. The acidity due to it ( 024N) is too small in view o f  
large �cess of  U ,  to appreciably affect the rotation. 
26 This solution was made 2N aci<l> by acetic acid. The large depression of the 
rotation ( 3 3'% ) is the result. 
27 This solution is 0'.02 molar as to citric acid ( free) , but n o  effect on rotation is 
apparent, in consequence of large excess of U. 
2'8 This solution is 0 . 04 molar as to sodium citrate ( 0. 84'% ) , but a n  influence on 
the rotation is not detectable. Note excess of U ! 
29 This solution has same amount of Na citrate as 2 7MU, but a smaller excess of 
U, sufficient however, to dr·own the depressing influence of the citrate. 
30 The malic acid i s  free and the solution contains free citric acid ( 0 . 0 0 8  molar) , 
'rota! acidity, therefore, 0 . 084N. Compare with 20MU. 
3il The malic acid is free and the solution contains free c itric acid ( 0 . 0 1 6  mo'lar) . 
Total acidity, therefore, 0. 084N. This and the previous solution, in spite of the acid­
ity, show normal rotation, in contrast with 2 0:1\fU, \vhere the excess of  U was much 
less. 
,:J'2 This solution ccmtains 0 .84% of sodium citrate. The excess of U is less than 
in 28MU, but the depression of  rotation due to citrate i s  almost entirely prevented 
by it. 
TABLE II 
PERCENTAGES OF MALIC ACID IN SOLUTIONS CONTAINING 
AN EXCESS O F  URANYL ACETATE, CORRESPONDING TO 
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3 . 1 0997 1 7  . 58901 32 .09608 
4 . 1 4477 1 8  .62293 33 . 1 2980 
5 . 1 7938 19 .65680 34 . 1 6351  
6 0.2 1 385 20 0.69066 35 1 . 1 9722 
7 .24822 2 1  .7245 1  36 .2309 1 
8 .28251 22 .75834 37 .26460 
9 .31673 23 .7921 7 38 .29828 
1 0 .35088 24 .82599 39 .33 196 
1 1  0.38500 25 0.85980 Decimolar : 
1 2  .41 909 26 .89360 39.253 1 .3405 
1 3  .4531 1  27 .92738 
1 4  .4871 1 28 .961 75 
1 5  . 52 1 1 0  29 .99490 
30 1 . 02863 
-- · 
. ---'----- ----
V= Ventz�e �gre�·-J'.�gr;m1 � of n�alj<:_ �rid_per}OO_ cc. 
T A B LE III  
COM PARI SON O F  O B S ERVAT I O N S  WITH CALCULA T I O N' 
FROM EQ. 4 
p=0.0331 92 V ± .Cl06 v  V 
0.896 0.0350 0.035420 0.00042 + 19MU 
0.91 3 .0350 .036037 .om 037 + 1 s11u 
1 .85 .0700 .069566 .000434 - 4.Ml.7 
2.346 .0875 .087059 .000441 - 1 7.MU 
2.72 . 1 000 . 1 001 77 .0001 7 7  + l J'\[l; 
4.473 . 1 605 . 1 61 1 57 .00065 7  + 25MU 
4.86 . 1 75 . 1 74540 .00 460 - 2MU 
5.445 .2000 . 1 94730 .005270 - 1 5 M.U 
5.48 .2000 . 195938 .004062 - 1 1  MU 
7.92 .28 .279729 .000271  - SMU 
7.98 .28 .281 821 .001821 + 31:.1u 
1 0.00 .35 .350894 .000894 + l MU 
1 1 .46 .40 .400701 .000701 + 1 4 MU 
1 1 .5 1  .403 .402396 .000604 - 30MU 
14.46 . 50 .502772 .002772 + 1 2.MU 
14.51  . 503 . 504472 .001472 + 23;.ru 
14 .55 . 503 .505823 .002823 + 2711lT 
23.392 .8043 .805342 .00 1042 + 32.MU 
29.22 1 .0050 1 .002304 .002696 - 241\IU 
29.32 1 .0058 1 .005679 .0001 2 1  - 29MU 
29.364 1 .0070 1 .007163 Jl00163 + 22MU 
Mean error 0.00135 
Drscus,;10'.\I or' TH� OnsERVATrn::-.;s  
Th e  relation between malic acid concentration a n d  rotatory 
13
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power as revealed by the data presented in  Table I ,  wil l  be  di s­
cussed later. It  is expressed by the equation : 
p=0.033192V+ 0.0060 v' V Eq. 4 
f rom which Table I I  has been calculated, for practiaal use 111 
deducing the percentage from observed saccharimeter readings . 
In this tabl e : 
V= rotation in Ventzke degrees at 2Q° C. in a 200mm. tube 
p=grams malic acid in 100 cc. at 20° 
Table III  has been assembled for the purpose of facilitating a 
comparison between the results o f  calculation by Equation 4 and 
the observations and to enable a judgment to be formed as to the 
accuracy of the determinations of malic' acid in pure solutions and 
also in those which contain small amounts of  citrate or which are 
acidified by acetic malic o r  citric acids in  small amount. 
From thi s comparison, all results are, of course, excluded, 
which, by undue acidity, by insufficient time, by deficient excess o f  
uranium, or  which by any known cause are disqualified. None, 
however, brave been discarded merely because the result did not 
seem to be right . 
Inspection o f  Table I I I  shows that the mean error o f  the obser­
vations on 22 independent solutions is but little more than one 
one thousandth per cent ( 0.00135  per cent ) for each solution,  
such being the mean error, not o f  each observation, but o f  each 
group of obser\"ations upon a given solution. 
In a s  much as the most concentrated solution examined con­
tained only about one per cent of malic 1acid, it i s  clear  that the 
figures given in the table for stronger ones are extrapolated . Since 
the curve becomes almost a straight line for concentrations above 
· one per cent, an extrapolation up to 2 per cent appears to be justi­
fiable.  
The form of Eq. 4, used in  calcu1ation i . e . , 
p=0.033192V +0.006v' V, 
was derived a s  follows : 
Assum ing that hydrolysis of the u ranato-malate complex take s place in 
accordance with the reversible reaction : HO, : C,H,,O,H +z H,O =U02 ( 0  
H ) , + C ,I-LO •. Ha ; and assuming that this d i ssociation con form s to the 
formula : K= a'C/ ( 1 -u) , in which a. is the dissociated proportional part o f  
t h e  complex, a n d  C i s  t h e  molar concentration and ]( t h e  dissociation con­
stant. Noting that V i s  proportional to C ( 1--u) 2cnd denoting- the propor­
tionality constant by <I>, we have, a fter simple transf ormations : 
C=<I>V+ V <IlKV ( Eq. 3 )  
14
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In  order to . evaluate the constants ,  K and ll>, c i s  substituted by 
it s  equivalent, 1 3 .405p and Eq. 3 i s  combined with Eq.  4 .  The 
computation gives , K-0.0000809, ll>=0.002 -1-76. 
It i s  based on the data for the 21 mixtures designated in Table 
I I I ,  the detai ls of the observations being found in  Table I. 
Greater weight was attached to those data that were a mean of 
more m1111ero11s observations, and readings obtained before the 
solution had reached equil ibrium were discarded. 
In using the table i t  should be noted that for low dilntions the 
ratio p JV changes so rapidly that interpolation from the table 
mn not be  very exact .  In thi s  case, i . e. for rot,ations below 2° V, 
i t i s  accordingly better to use the formula, provided the observa­
tions are accurate enough and numerous enough to make this 
worth while .  
In  Figure 1 ,  the curve o f  Eq.  4 i s  plotted and the observed 
points are marked by circles . The numerals refer to the mixtures 
l isted in Table I. 
I N FLUENCE 01' URAN I U M  CO NCEN TRATION 
\Vhile most o f  the solutions l i sted in the table have an nranium 
concentration of 0.0375 molar, several contain more. The obser­
vations on solntion 24MU show that an increase of U to 0.096 
molar does not appreciably alter the rotation. This is confirmed 
by 2511U, which, although acid ( free malic ) ,  is not sufficiently 
so to affect the rotation markedly. Solutions 27 to 30MU are to 
be interpreted in the same way, since, although citrate is  present, 
the excess of urani11111 prevents any reduction in  the rotation. 
3 1 MU can not be readily interpreted, as i t  presents the combined 
effects of free malic and free citric acids. 
I N FLUENCE OF CITRATE 
The observations recorded above confirm those of  Yoder ( 1 .  c. 
p .  335 ) to the effect that citrate depresses the rotation and that a 
sufficient excess o f  urnninm counteracts this depression. The 
data adduced in Table I make it possible to define exactly what 
the conditions are, under which the influence o f  citrate becomes 
negligibly small . The controll ing condition is ( as might easily 
be  predicted ) the ratio  o f  the sum of  the molernles of mal ic and 
citric acids to the molecules of uranyl acetate ; and it may be 
expressed in the following terms : 
vVh e11 tlz e  1nolar concentra tion of the u ranium exceeds (by 
a b o u t  25 % )  the s u m  o f  the m olar c o 11 c c11 tratio11s of malate and 
citrate, the influ ence of the citrate bcco ll/ cs inapprecia ble. 
15
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This assertion rests on the observations on solutions 27, 28, 29, 
and 32MU ( see Table I )  and is further confirmed by 30 and 
3 1 MU. The two latter contain free malic and citric acids ; but 
the total acidity appears to be too small to influence the readings 
notably. Although the error involved in 3 1 MU i s  larger than 
usual, it seems to have no significance beyond that of an accidental 
accumulation of small errors. 
It is  highly probable, citric acid i s  capable of giving rise to a 
uranato citrate . In this way, citric acid would compete with malic 
for the possession of the uranyl ra:dical and, so , depress the rota­
tion, unless an excess of U were present. 
CALCULATION OF THE MOLAR ROTATION OF T H E  URANATO-MALIC 
COM PLEX 
I f ,  in the dissodation formula, 
a.'c 
-- = K, 
1-a 
the value of K ( 0.0000809) previously determined iand that of c 
be selected as 0 . 1 ,  the corresponding value o f  a is found 1to be 
0.02804, that is , at decimolar concentration 2 .804 per cent o f  the 
complex is  dissociated .and 97. 196 per cent is intact. Now, by 
Table II, the rotation of a decimolar mixture is 39° .253 V. Cor­
recting this for the hydrolysis, we have 40° .38SV ( 39.253-.97196)  
as ,the rotation at  20°  C of  a decimolar solution i f  it were not 
hydrolyzed, therefore, the moliar rotation of  the non-dissociated 
uranato-malic complex is 4038. 5 in V entzke degrees .  
PREPARATIO N  OF A M MONIUM URANATO-MALATE 
Malic acid ( 1 .9 grams ) was dissolved in a small quantity o f  
water and the mixture warmed with 6 grams o f  uranyl acetate , 
which rapidly dissolved . No precipitate appeared, although a 
strong odor o f  acetic acid was evolved. To the solution ammonia 
water was added till a precipitate appeared,  then a considerable 
excess of acetic acid, a fter which the liquid was boiled. On cool­
ing an abundant precipitate formed, consisting of cadmium yellow 
needles . This was separated from the l iquor by suction and 
washed with alcohol .  After drying 111 a dessicator a uramum 




% U found 
0.3350 g 
0.2062 g 
0. 1 749 g 
52.21 
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% U theoretical 52.35 calcnlated from the 
formula, U0, ( C,I-LO,"!\IH,) 2H,O ( i>Iol.  wt. 455.57) 
% H,O lost at 100° 6. 1 1  
% H,O cal. for H 1fo l s. 6.37 
A second preparation was made as follows : 1 3 .6 grams o f  
malic acid were d issolved in 50 cc. of hot water and to the boil ing 
solution 42.4 grams of uranyl acetate were added . All  d issolved 
and a fter standing 1a day, protected from l ight, nothing ha<l crr­
tal lized out. The liquid \v as then heated to boiling, about 25 
grams of ammonium acetate added.  and a l ittle w ater to replace 
that evaporated, and 7 cc. of glacial acetic acid. 'While cooling, 
an abundant precipitate of lemon yellow, acicular crystal s slowly 
separated. The deposit continued to grow for a long time. About 
24 grams were obtained from the first crystall izat ion and a con­
s iderable amount of the same salt f rom a further concentration 
of  the mother l i quor. ,\nalysis showed that this salt contained 
less water on crystall ization than the first preparation. 
Substance taken 0.35 1 8  g. , U:iO, found 0.2299 g., U fcl.  0. 1 950, 
'lo U found 55 .43, theoretical % U for U02 ( C4Ha0)'�'H. ) 1H20, 
55 .65 ( l\fol .  wt.  428.56) . This salt lost no weight on drying at 
1 00° . Its composition i s  the same as that of the first preparation, 
subsequen t  t o  drying at 1 00° . 
The ammonium was determi ned in the usual manner : NH4 
found 4. 1 36% , calculated from above fornmla, 4 . 179. 
These analyses e stabl ish the character o f  the salt as  being a 
mono-ammonitun mono-uranatomalate. 
Dr-BARIUM MoKo-URAKA'l'O'\!ALATE 
The addition of barium hydroxide to a solution of ammonium 
aranatomalate,  or  to  a solution of free uranatomal ic  acid produces 
a lemon yellow precipitate. It appears to be possible in this  way 
to remove all  U and all  rnalic acid from the solution. 
Some o f  this yellow salt was driecl in a vacuum dessicator, then 
a portion weighed and care fully ignited. Substance taken, 0.2258 
g. ; ignited residue, 0. 1794 g. If we assume the residue to be 
B aU04, the corresponding weight o f  U i s ,  0.0976 gr .  and the % 
o f  U found in the substance taken is 43 .2. The formula,  U02 
( C4H205Ba)  calls for 44.4, while the formula U02 ( C.H200Bo) 
. �H20 requires 43.6% o f  U and 25 .5 % o f  Ba,  nearly as  found. 
TH EORETICAL CoNSIDT\RNfIONS 
If we represent the developed formula oi  a uranato-malic salt 
( indioating the basic element by M )  a fter Itzig, 3 3  as follows : 
33 Ber. 34, 3827. 
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I I o 
CH,-CH-COM 
Formula 1 Formula 2 34  
i t  seems probable that it  will  change to its anhydride, forming an 
inner salt, by a reaction between the carboxyl H marked * *  and 
the hydroxyl o f  the uranyl group, marked * ,  with the production 
of  a compound o f  the constitution shown in formula 2. 
The justifioation for preferring this formulation to that o f  Itzig 
can be briefly given. 
Th e  extraordinarily high rotatory power that characterizes the 
compound is entirely in harmony with the ring of six l inks, which, 
by setting up a stress within the molecnle would be very likely to 
enhance its optical activity generally, that is ,  to increase its refrac­
tive index and its rotatory power.33 
Furthermore, the complex represented by the ring would, as 
sialt of a w eak base, be subj eot to partia l  hydrolysis in d ilute 
solution, leading to formation of  the compound shown in  formula 
1 ,  which, presumably would only have a rotatory power compar­
able with that of ordinary salts o f  malic acid. 
H ence, such a substance would have a lower specific rotatory 
power in dilute solntions. This is ,  of course, in accordance with 
the properties of sodium uranato-malate. 
The proposed formula also explains the action o f  acids or  
alkalis in reducing the optioal activity of  the u.ranato-malate, since 
either agent must break the ring between carboxyl and uranyl . 
\Vith regard to this ,  the observations of Yoder37 appear on the 
whole to indicate that smaller amounts of acetic acid ,  up to 0.26 
N,  enhance the rotation, \Vhile larger amounts reduce it. Yet, his 
results on this point are not consistent with one another, since 
elsewhere38 his data show that a non-acidified solution gave a 
rotation of 29° .28, while a fter acidification with acetic acid to 
normality 0. 167, the rotation became 29° .24 per 1 % of malic aci d .  
Here no enhancement comes from acidification.  l\Iy own observa­
tions show no enhancement at any point, but a depression, steadily 
increasing with the acidification. 
34 The c orrelation be.tween closed aromic rings and ext remely high rotatory p(nver has 
been clearly pointed out b y  va10't H o ff  ( Lagerung der Atorne in Raume, 1 894, p .  1 09 )  
and b y  \Vaiden ( Zeit.  ph. Chem. 20, 5 69 ) .  
3\li Henderson ,  O r r  and Whitehead (Jour. Land. Ch. Soc. 75, 5 4 2 )  present a par­
tially analogous formula for molybdato-malic acid. 
n L. c. 
38 L. c., Table 2, p. 3 3 5 .  
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The explanation o f  the divergent results between the results of  
Yoder and those herein recorded are  not far to  seek. First. Yoder 
was not •nv·are that the uranato-malate mixtures require a certain 
time to reach a maximum and stable rotation. So, it is  probable 
that some of his solutions were polarized during the period o f  
changing rotation. I have twice noticed that of  two solutions , one 
acidified, the other not, the one which is acidified may show a 
sl ightly higher rotatioh if both arc ex1arnined within 1 5  minutes. 
but, a fter standing 4 to 20 hours , the unacidified sample invariably 
has the higher rotation. The small errors introduced in  this way 
and those clue to the fact that the uranyl acetate solutions exam­
ined by Yoder were deficient in purity, as shown by his 1analysis 
and by his description o f  the color, are sufficient to explain the 
diYergence in  question. The low uranium content and its poor 
solubility, point to a contamination with sodium. Now, in this 
case the H ion content of  the solutions must have been abnormally 
low and the rotation correspondingly depressed . Under these 
circumstances, addition of acetic acid in  amount to bring the H 
ion concentmtion to the normal would naturally enhance the 
rotation.  
A N .\LYTI CAL APPLICATIONS 
It  seems desirable, in  conclusion , to puit the results discussed in 
the foregoing pages in the form of specific instructions suitable 
for applying them to the determination of malic acid .  Such 
instructions invoke the consideration of  interfering substances .  
In the absence of  citric acid3'6 and of  other optically operative 
substances, a large excess of uranium is needless and for two 
reasons is obj ectionable. First, because a moderately dilute uranyl 
acetate solution is  more permanent than one nearly saturated ; 
second, because the reading errors are greater in the more highly 
colored , concentrated solutions, than in those of lower U content . 
In  presence of c itratcs (very small amounts excepted) ,  the 
concentra�ion of the uranium must be increased or that of the 
malic and citric acids be diminished . in order to have the n eeded 
excess of the fonner. Two procedures will therefore be sug­
gested, ithe first to be followed in the absence of citrate, the second 
adapted for use in its presence. 
iVlethod I ,  for Use when Citra te is Absent .  
Prepare a solution3� of uranyl acetate containing 33 .966 g. per 
i3 H  It i s  presumable th a.t ot h e r  h y d roxyl  al iphatic acids w il l  be found to sh ow a 
s imilar behavior to c itric  acid.  
39 If desired,  t h e  s o l ution may with suffic i e n t  accuracy be made o f  t h e  correct 
�gth by density, usin� the data furnished e n  p. 
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liter o f  the pure salt .  This stock solution is 0.08 molar. The 
uranium content of this salt should be determined and, i f it is a 
little below 56. 1 7 % ,  a correspondingly larger amount of  the ace­
tate is to be taken . If it is  several per cent too low, a purer 
material should be obtained . A sample having more than traces 
of sodium ought n0t  to be used. 
lVIeasure into a SO cc. graclt]atecl flask 25  cc. of  :the stock uranyl 
solution and 25 cc. of the malic acid solution40 ( i f  this contains 1 % 
or less ) .  I f  the malic acid is o f  more than 1 % ,  a smaller volume 
is  to be measured, such that the resulting mixture shall have not 
over 0.5 % ,  and the total volume made up to 50cc . Shake well ,  
add a drop o f  chloroform and keep in the dark. 
Polarize after standing at 20° for at least 5 hours, better 10, in 
a 200 mm. tube if the amount of malic acid i s  relatively large, or 
in a 400 mm. tube if smal ler. Table II will then give the per­
centage of malic acid from the rotation if the latter is  greater than 
2 ° ,  if less ,  the formula should be used. 
Al et hod 2 ,  for Use in Presence of Citrate. 
Prepare a 0.25 molar solution of  uranyl acetate by making up 
1 06. 1 5  g. to one liter. Although this solution is by no means 
saturated, yet a good deal of time,- two or three clays , is  neces­
sary to dissolve this amount of  salt with constant stirring. It i s, 
in fad, more convenient to use an excess ,  then to determine the 
strength o f  the solution41 and dilute to the proper concentration . 
Measure 20 pr 25 cc. o f  this stock solution by pipette into a SO 
cc. graduated flask, add a measured amount of  the neutral malate 
solution and make up to the mark. The mixture should stand at 
least 10 hours before polarizing. The molar concentration ought 
to be at least one- fourth greater than the sum o f  the molar con­
centrations of the malic and citric acids. In  case the amount of 
citric acid is not knovvn, in  a second determination the U concen­
tration should be greatly increased, all else remaining the same. 
I f  the rotation i s  as before, the excess o f  U \vas already sufficient, 
if not, a third trial must be made with still more uranyl acetate .  
In  general, i t  may be  said, that, when the rotation o f  1 a  given 
('rnalate ) solution is the same when a very small excess of U 
( compared with malate ) is used, as it is when the excess o f  U is  
greater ; then, the absence o f  more than traces o f  citric acid is 
assured. 
40 This  solution is  supposed to haYe been neutralized hy carhonate-fr�e NaOll. 
Oire must be taken to avoid the least alkal in ity. It may safely be faintly acid to 
litmus. 
41 v. p. 
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Detennination of  Uranium b y  Rc'l·crsal of the Process. 
S i nce the uranato-mal.ate complex involves its components 
( uranyl and malic acid ) molecule for molecule, i t  appears a priori 
probable that the rotatory power o f  the complex can be nsed jnst 
as well for the determination o f  the uranium as for the malic 
acid . The condition is ,  of  course, that there must lie more than 
one molecule o f  malic acid present for each atom o f  uranium. I f  
the reversibil ity i s  complete, one would expect to find the factors 
for malic acid and for uranium respectively, inversely propor� 
tional to their molecular weights . Now : Atomic weight of U / 
Mo! .  wt.  mal ic  aci<l=238. 5 / 1 34.05=1 .779, whence, it should be 
possible to use Table I I  for the determination, simply by multiply­
ing the per cent ( ma! ic acid ) by 1 .779 to get the per cent U cor­
responding to the same rotat ion. Observations recorded in Table 
I on solutions 6\IU,  7.MU, and 23MU supply the data for testing 
these deductions .  
Solution 61\TC is 0.0375 molar as to ur.anyl and 0.0745 molar as 
to mal ate . It has ,  accordingly, by computation ( based on an exact 
analysi s )  0 .8944 g. of U per 1 00 cc.  and it has the necessary 
excess of  ma late. Its rotation i s  ( mean of all obesrvations sub­
sequent to reaching equilibrium ) ,  14° .84 V .  By Table I I ,  this 
corresponds to 0. 5 1 56% o f  malic acid,  which multiplied by 1 .779 
gives 0 .9 1 7  as the per cent of U found. Sol.  7MU is 0.0375 molar 
as to uranyl and 0.0447 molar as to malate.  Its rotation was 
1 4 ° .80, corresponding by .a similar computation to 0 .5 1 43 % malic  
acid and to 0.91 5 %  o f  U .  Sol .  23l\1U i s  0.06066 mol ar  as to  
uranyl and 0.0707 as to malate. It contains 1 .4467 g. of U per 
1 00 cc .  I ts  rotation is 2 3 °  . 79 at  20° , corresponding to  0.8 1 89% 
o f  malic ac id  or to 1 .4568 %  o f  U.  
These results are all  a little too high. hut fairly concordant. 
\Vhether the suggested method for the determination of uranium 
has a field of use ful ness remains for future investigat ion to deter­
mine. The author will not be able to pursue it further .  This 
investigation was carried out in the Bureau o f  Chemistry, U.  S . 
Dept. of Agriculture. 
Su � DfARY 
1 .  The enhancement of the optical activity of malic acid by 
uranyl sa lts has been studied . 
2. The uranato-malate complex, to which this high polarizing 
power is due, has been isolated as an ammoni um salt, UO" :C4H3 
O)\H{,  in  two forms, with } and 2 molecules o f  H20 respectively, 
and as a barium salt. 
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expresses the constitution of the uranatornalic complex correctly. 
4. The formation of  this complex by the action between uranyl 
acetate and sodium malate takes place slowly. The optical activity 
.of  the mixture increases on standing. Three to ten hours are 
usually required to reach a maximum. 
5. At high di lution, there is a diminution of the specific rota­
tory power o f such mixtures. This phenomenon is explained by 
the hydrolytic dissociation of the active complex. A rigorous, 
quantitative concordance i s  shown to exist between the observa­
tions and the theoretical dissociation formula. The constants in 
question h:ave been determined . 
6. The molecular rotatory power of the non-hydrolysed uran­
ato-malate complex is  computed to be  -4038.  Ventzke deg. in a 
2dm tube at 20° C.  
7. The relation between grams of  malic acid per 100 cc. and 
rotatory power ( at 20° , 2dm tube, in V0 ) i s  exaritly represented 
by the expression : p=0.033192V +0.006V. 
8. A table i s  presented showing for each Ventzke deg. the 
corresponding malic acid percentage. 
9. The densities o f  uranyl acetate solutions have been deter­
mined and fotmd to be approximately expressed by P=1 79.2 
( d-l ) /d in  which P is the number of g. salt per 100 cc .  and d 
the densi'ty at 25°  C. 
10. The conditions for the successful application of the results 
to the analytical estimation of malic acid, in absence and in  pre­
sence of citric acid have been determined . 
1 1 .  A method for the determination o f  uranium polariscopic­
ally by the use of an excess of sodium malate has been outlined. 
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